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Use of bi-layer photolithographic resists as new material for optical storage 

EPO-DG 1 
1 9. 12. 2002 

The invention relates to an optical information storage medium ^^te- 
once/read-many. The medium comprises at least one information layer, and a device 
comprising the infomiation storage medium. The invention further relates to a method for 
manufacturing such an optical information storage medium and a method of recording and/or 
reading such an optical infomiation storage medium. 



A variety of optical information storage media are well known in the art, 
particularly in the forai of compact disc, CD, and digital versatile disc, DVD, media. A 
10 modulated laser beam incident on the record medium induces a change in the optical 

properties of the information layer. The change may be optically detected later during reading 
by another laser beam having a lower intensity. For example, CDs typically comprise organic 
materials with a thin Al-layer resulting in 65% and 5% reflectivity in the as-dq>osited and 
exposed states, respectively, giving rise to a modulation of about 60% in a reflected laser 
15 beam. The modulation reflects storage units which can be in one state corresponding, e.g., to 
low reflectivity, and another state corresponding to high reflectivity. In order to use an 
electromagnetic beam to read or create a specific state of a storage unit, the size of the 
storage unit can not be smaller than the spot size during interaction between the 
electromagnetic beam and the storage unit The minimum spot size of a laser beam, which is 
20 title preferred electromagaetic beam source, is limited by the wavelength of the laser and the 
numerical aperture of the optics. Thus, in order to increase the density of storage units on the 
CD-type of optical information storage mediimxs, the present standard wavelength of 785 nm 
for CDs and 650 nm for DVDs have to be decreased. In the next generation the blu-ray disc 
format (BD) will utilize a wavelength of about 405 nm, and furtheimore it is e^qpected that 
25 future generations will utilize wavelengths in the deep ultra violet range (DUV) of 230-300 
nm. The organic materials typically used for optical information storage media degrade over 
time, when exposed to electromagnetic radiation at the BD-wavelength, so that the signal to 
noise ratio is drastically lowered after, e.g., a couple of hundred read-outs has been 
performed, and as the wavelength is further decreased the degradation incxreases. Thus, 



PHNL021426EPP 



2 18.12:2002 
alternatives have to be developed in order to provide higher storage capacity media of the 
CD-type than the media that are available today. 

In BP 0 474 31 1 Al an optical storage device supporting the use of decareased 
read/write wavelengths, such as 680 nm, is disclosed by using alloying and diffusion. The 
device utilizes an alloy material as a recording layer. The aUoy comprises high reflective 
materials such as Au, Ag, Al or Cu, and a modulation in reflected Ugjht from the device is 
achieved by thermally imposing geometrical shape changes upon the recording layer by 
exposing ttie device to a high intensity laser in a pattern reflecting the recorded data. The 
modulation is achieved due to this geometrical change. A geometrical configuration of the 
individual storage units which either possesses a higher reflectivity or a lower reflectivity is 
created during the exposure. The geometrical shapes of the individual layers thus need to be 
precisely defined, which may hmit the storage density of the optical information storage 
medium. 

Another example of such materials is fovmd in BP 0068801, based on the 
effect of siUcide formation under irradiation. As a rule, optical information media use 
stnictural changes in the materials such as change of the crystallographic phase, or difference 
in the crystalline or amorphous state. With respect to structural phase of the as-deposited, i.e. 
initial state of the media, the material is transformed into a new material which shows 
fi^uently different optical properties, and thereby a modulation is obtained. 

The problem of increased material degeneration as the wavelength is 
deceased is also encountered in miniaturizing Uthographic processing for integrated circuit 
and semiconductor fabrication. In lithographic processes a pattem is first written by means of 
electromagnetic irradiation in a material which change properties upon exposure to 
electromagnetic radiation. Typically, after development, the exposed areas (or lbs non- 
exposed areas) are removed, and the remaining resist protects parts of the underlying layers 
during etching of the non-protected underlying layers, so tiliat in a series of steps the pattem 
(or the invfflse) is etched out 

In WO 02/06897 various inorganic materials in a bi-layer configuration are 
disclosed. It is disclosed that for a large group of inorganic materials, a bi-layer configuration 
may be thermally melted by means of a laser beam to form an eutectic alloy material 
possessing different optical properties than the as-deposited materials. To obtain tiie most 
suitable resist for lithographic processing, there is a need for a resist transforming at a quite 
low exposure since current hthographic exposure systems are not designed to provide high 
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exposure and, furthermore, since a significant temperature increase, i.e. above 200 "^C, is 
undesired and eventually damaging for any underlying electronic circuitry. 

However, when developing a medium for optical information storage, it is of 
the utmost importance that flie electromagnetic radiation source used for reading the stored 
infoimation is not altering the material composition of the optical information storage 
medium. 

It is an object of the present invention to provide a high-density optical 

information storage medium. 

It is a still further object of the present invention to provide an optical 
information storage medium capable of supporting blu-ray disc formats. 

It is a still further object of the present invention to provide an optical 
information storage medium being compatible with standard CD and DVD media. 

It is a still further object of the present invention to provide an optical 
information storage medium which can be recorded and read by radiation in the (deep) 
ultraviolet range. 

It is another object of the present invention to provide a method for 
manufacturing an optical information storage medium, the method being simple and, 
furthermore, able to provide a high-density storage medium. 

According to a first aspect of the invention, the above-mentioned and other 
objects are fulfilled by an optical information storage medium comprising 

a carrier substrate, 

a highly reflective information layer being positioned on the carrier substrate 
and comprising at least a first layer of a first inorganic material in a first structural phase, and 
at least a second layer of at least a second inorganic material in at least a second structural 
phase, and 

alloy inclusions bemg formed in the information lay^ upon exposure to a first 
electromagnetic radiation and having a microstructure comprising a mixture of the first 
material in the first structural phase and the at least second material in the at least second 
structural phase, 

wherein the optical properties of the alloy inclusions are different firom the 
optical properties of the as-deposited information layer so that a modulation in 
electromagnetic radiation reflected firom the alloy inclusions and firom an area comprising the 
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as-deposited information layer is provided in response to a second electromagnetic radiation 
being emitted towards the optical information storage medium to provide a read-out signal- 

The optical information storage medium may further be protected by a 
protective cover layer. 

5 According to a second aspect of the invention, the above-mentioned and other 

objects are fidfilled by a method for manufacturing an optical information storage medium, 
the method comprising the steps of 

providing a carrier substrate, 

providing a highly reflective information layer by deposithtig at least a first 
10 layer of a first inorganic material in a first structural phase on the carrier substrate, and 

depositing at least a second layer of at least a second inorganic material in a second stractural 
phase on the first layer, 

the at least first and second inorganic materials being selected so that a 
microstructure being formed by melting and solidification of at least apart of the information 
1 5 layer provides alloy inclusions having a microstructure comprising a mixture of the first 
material in the first structural phase and the second material in the second structural phase. 

The optical information storage medium may fiarther be protected by a 

protective cover layer. 

The method may fiirther comprise the step of exposing in a predetermined 
20 pattern the information layer to a first electromagnetic radiation so as to form alloy inclusions 
in the exposed information layer. The exposure may be perforaied by a focused laser, e.g. in 
a recording device, where the same laser as used for reading performs the writing, though at a 
higher eaiergy, or the exposure may be performed in a specific configuration by flood 
exposure of the storage medium using special masks to provide for exposure in the 
25 predetermined pattern. 

According to a ttiird aspect of the invention, the above-mentioned and other 
objects are fulfilled by a method for optically reading an inorganic optical information 
storage medium, the method comprising the steps of 

emitting an electromagnetic radiation towards the optical information storage 

30 medium, 

detecting a phase or intensity modulation in electromagnetic radiation 
reflected from the optical inforaiation storage medium in response to the incoming 
electromagnetic radiation. 
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so that a pattern of alloy inclusions in the as-deposited mfoimation layer is 
provided by the detected phase or intmsity modulation. 

The optical information storage medium, thus, comprises a substrate 
supporting at least two layers of at least two different inorganic materials wherein the 
inforaiation is stored by thermaUy melting or liquej^g a limited volume of the at least two 
inorganic materials by means of a first electromagnetic radiation, such as for example a laser 
beam. Upon melting the at least two inorganic materials form an alloy, preferably an eutectic 
alloy, which possesses optical properties diflferent fcom tiiose of the as-deposited materials, 
thus forming an infomiation pattern. The stored information can afterwards be read, either as 
an intensity or a phase modulation, in electromagnetic radiation reflected from the medium. 

The first and second electromagnetic radiation may be emitted firom the same 
source of radiation, and further have substantially the same wavelength. Preferably, the 
intensity of the radiation is varied so as to provide a high intensity first electromagnetic 
radiation (write pulse) for writing and a lower intensity second electromagnetic radiation 
(read pulse) for reading of the stored information. 

The shape of the optical information storage medium is arbitrary. Particularly, 
the storage medium can be disc, tape, cartridge, card shaped, etc. The term layer is not meant 
to limit the shape of the information layer to a sheet-like shape common for tapes and discs, 
but generally refers to any block or shape useful for carrying information. 

For sample when using discs, such as CDs and DVDs, the carrier substrate is 
preferably made firom a plastic material and has a thickness between 0,5 and 2 mm. The 
plastic material may comprise any plastic material, such as polymethyl, polymethyl pentene, 
metiiacrylate, polyolefin, epoxy, etc., preferably such as polycarbonate. 

The protective cover layer may be any material transparent to the 
electromagnetic radiation employed. In a preferred embodiment polycarbonate is used as 
protective cover layer, but also other transparent materials such as resin, lacquer, etc. may be 
used. The cover layer is present both as a mechanical protection layer against scratches etc. 
and as a chemical protection layer so as to protect tiie inorganic layers &om influence from 
the environment including the influence from the air. The thickness of the cover layer 
depends mainly on the working distance between a reading^vriting electromagnetic source 
and the optical information storage medium. The cover layer thickness therefore differs for 
each generation of optical storage technology. For the Compact Disc, CD, a 1.2 mm thick 
cover layer is typically used, for the Digital Versatile Disc, DVD, the cover layer is typically 
600 urn thick, and for the Blu-ray Disc, BD, the cover layer has a presentiy preferred 
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thickness of substantially 100 pm. It is envisaged that the protective cover layer may be 
chosen according to the specific implementation so as to for example be from 50 pm to 200 
^imfortheBD. 

The information layer is tiie layer actually containing the information and 
comprises the at least first and second layers of inorganic materials. The information may be 
written by forming an information pattem by irradiating the information layer by the first 
electromagnetic radiation. The first electromagnetic radiation has a high writing power and is 
adapted to heat the information layer so as to at least partly thermally liquefy the inorganic 
materials. Subsequently, the melted materials solidify to form alloy inclusions in the 
information layer. The materials, and the ratio of the materials, are selected so that the 
microstmcture of the alloy comprises a mixture of the first iaorganic material in the first 
stractural phase and the at least second inorganic material in at least the second structural 
phase. 

The composition of the alloy may be controlled by selection of layer thickness, 
layer thickness ratio(s), temperature, cool-down temperature, etc. By selection of these 
parameters according to the phase diagrams for the respective inorganic materials, an eutectic 
alloy may be formed, e.g. by selecting a proper ratio between the amount of the first and the 
amount of the at least second inorganic material. This maybe obtained by adjusting the 
thickness of the individual layers accordingly. 

It is an advantage of forming an eutectic alloy that the materials form a 
uniform alloy on the nanometre scale, i.e. an intimate mixture of the first inorganic material 
in the first phase and the second inorganic material in the second phase, so that no residual 
parts of the as-deposited materials remain. Deviation from a perfect eutectoid material 
composition will leave residuals of the as-deposited material in the alloy which may 
influence the optical properties of the alloy whereby the optical properties of the information 
layer comprising the alloy inclusions maybe less well defined. The ranaining residual parts 
in the alloyed material may thus cause a lower modulation efficiency. 

The thicknesses of the at least first and second layers are fiirthemiore selected 
so as to obtain the best possible reflection of the as-deposited layers, and it is presently 
preferred that each of the at least two layers has a thickness of about 20 nm. It is to be 
envisaged that also a thickness of each layer of between 3 and 70 nm may be applied, such as 
between 10 and 60 nm, such as between 15 and 40 nm. It is presently preferred that the total 
thickness of the at least two layers should not exceed 200 nm in order to obtain sufficient 
inforaiation density. By increasing the total thickness of the layers, it becomes difficult to 
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limit the heat to the exposed areas and thus avoiding heating of neighbouring parts by, e.g., 
dififiision into areas not exposed to the first electromagnetic radiation. However, the total 
thickness of the layeis may be limited to 1000 nm, such as to 800 nm, such as to 400 nm, 
depending on the demands for information density. Due to the deposition processes a 
minimum layer thickness of about 3 nm is presently preferred for each of the layers. 

The inorganic materials may be selected so as to have a low melting point and 
be able to form a eutectic alloy. The inorganic materials may be selected from the group 
comprising the pairs: As-Pb, Bi-Cd, Bi-Co, Bi-In, Bi-Pb, Bi-Sn, Bi-Zn, Cd-In, Cd-Pb, Cd-Sb, 
Cd-Sn, Cd-Ti, Cd-Zn, Ga-M, Ga-Mg, Ga-Sn, Ga-Zn, In-Sn, Jn-Zn, Mg-Pb, Mg-Sn, Mg-Ti, 
Pb-Pd, Pb-Pt, Pb-Sb, Sb-Sn, Sb-Ti, Se-Ti, Sn-Ti, Sn-Zn, etc. Presently, the combination of 
Bi-Co, Bi-In, Bi-Pb, Bi-Sn, Bi-Zn, Ga-In, Ga-Sn, In-Sn, In-Zn, Mg-Sn, Sb-Sn, Sn-Ti, and 
Sn-Zn, is preferred, and even more preferred is the combination of Bi-In, Bi-Sn, In-Sn. 

It is preferred to have the highest possible initial reflectivity of the as- 
deposited information layer. Having for example two layers of material, it has been found 
that to obtain maximum reflectivity, the complex refractive indices ni^ ± ik^ of the first and 
second inorganic material should be selected so that the second inorganic material has a real 
part of the refractive index na being as low as possible, and lower than the real part of the 
refractive index ni of the first layer, and ftirthermore, so that the imaginary part ki of the 
refractive index of the second inorganic material is higher than the imaginary part ki of the 
refractive index of the first material. 

The high reflectivity of the as-deposited mformation layer provides the 
advantage tiiat the optical information storage device may be read with radiation emitted 
from standard electromagnetic radiation sources without heating the information layer above 
a melting threshold. 

Furthermore, it has been found that the provision of a highly reflective as- 
deposited material, i.e. a material having a reflectivity higher than 60 %, such as a reflectivity 
higher tiiian 70%, such as reflectivity higher than 80 %, provides an unexpectedly high 
modulation ratio, such as a modulation ratio larger than 50 %, such as larger than 60 %, such 
as largOT than 70 %. The thus strong modulation ratio provides for a higji signal to noise ratio 
increasing the ov^all performance of the storage device. 

It is an important aspect of the optical information storage medium that the 
optical properties of the as-deposited layers are different from the optical properties of the 
alloy. Preferably, cither the as-deposited layers or the alloy are substantially transparent to 
the second electromagnetic radiation, whereas the other component is substantially opaque. 
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and preferably Hghly reflective. In the following embodiment only the situation where the 
areas comprising the as-deposited layers are substantially opaque, and more specificaUy 
where the as-dqposited layers are substantiaUy reflective, and where the areas comprising the 
alloy are substantially transparent, wiU be described. However, all aspects and embodiments 
described in the following also ^ly to the inverse situation. 

To read the stored information a second electromagnetic radiation is emitted 
towards the optical information storage medium and a modulation in a beam of 
electromagtietic radiation reflected fixjm the optical information storage medinm in response 
to the incident second electromagnetic radiation is detected. The modulation occurs due to 
tiie different optical properties of the as-deposited layers and the alloy material. The 
modulation thus provides a read-out signal providing information about the stored 
information. 

The source of the second electromagnetic radiation maybe a laser, such as a 
diode laser, for example such as a laser emitting Ught in the wavelength range 500 to 900 mn, 
including standard wavelengths at 785 nm and 650 nm used in the CD and DVD 
technologies, respectively. The radiation source may furthermore be a laser source emitting 
light in the wavelength range considered blue, i.e. in the wavelength range between 300 and 
500 nm, preferably such as about 405 mn which may be used in BD technology, or the 
radiation source may be an ultraviolet laser source, emitting radiation in the 230 to 300 nm 
range. 

In a preffflcied embodimaat, the source of the first and second electromagnetic 
radiation is the same source, the energy of the emitted radiation being smaUer for the read 
radiation tiian for the write radiation. 

The read signal may be provided by detecting electromagaetic radiation 
reflected from the optical information storage medium upon emission of second 
electromagnetic radiation towards at least a part of the optical information storage medium 
and the information stored in the information pattern may thus be read as an intensity 
modulation in the detected electromagnetic radiation. The information stored in the 
information pattern may be read as an intensity modulation in radiation reflected from fee as- 
deposited information layer or ftom any layer beneath the at least partly transparent alloy 
inclusions. 

Alternatively, the read signal may be provided by detecting interference 
modulations or interference J&inges in the electromagnetic radiation reflected ftom the optical 
information storage medium upon emission of second electromagnetic radiation towards at 
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least a part of the optical information storage medium, so that a phase modulation is detected. 
The incident electromagnetic radiation is thus reflected from the as-deposited layers and from 
any layer beneath the alloy inclusions, for exanaple the carrier substrate, an additional layer, 
etc. The carrier substrate material may be chosen to be sufficiently reflective so as to provide 
a detectable reflected signal &om beneath the alloy. In this embodiment, it is important that 
the distance between the surface of the as-deposited layer, and the surface of any reflecting 
layer beneath the alloy is adjusted so that destructive or constructive interference is obtained 
between the radiation reflected from the surface of the as-deposited layer and from the 
surface of the reflective layer beneath the aUoy. In order to obtain a correct distance between 
the two reflective layers the thickness of the first and second layers should be selected to be 
any integer multiple of a quarter of a wavelength of the second electromagnetic radiation. 
Since the thickness of the first and second layers are carefuUy selected in respect of 
reflectivity and alloy composition, it may be desirable to provide a spacer layer to adjust said 
distance. Above it has been assumed that the second electromagnetic radiation is emitted 
towards the optical information storage medium so that the direction of the radiation is 
parallel to the direction of the surface normal of the optical information storage medium. In 
the case Mvbsre the direction of the second electromagnetic radiation is tilted an angle, G, 
away from the surface normal of the optical information storage medium, the thickness of the 
inorganic bi-layer, or the thickness of the inorganic bi-layer and a spacer layer should be 
selected so that the total thickness fulfils: n • 1 • sin(e) = 1/4 • m • A,, where n • 1 is the total 
optical tiiiokness, 6 the tilt angle, X the wavelaigth of die second electromagnetic radiation 
and m any integer number. However, in practice also track and focus signals have to be 
considered. In order to read out these sigoals with the same optics as the optics for reading 
the medium, most often not complete interference is chosen, so that only parameters close to 
the optimum situation are selected. 

To improve the modulation and to oihance the optical and thermal properties 
of the storage medium the information laya: may further comprise an additional layer. The 
additional layer may be provided on either one or both sides of the information layer, i.e. 
between the carrier substrate and the first layer, or it may be provided on top of the 
information layer. The additional layer may be adapted to reflect, absorb or diffiase, e.g., the 
second electromagnetic radiation being emitted towards the additional layer through the 
alloy. The optical properties of the additional layer may be decisive for the type as well as th< 
strength of the modulation obtained. 
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To improve the reflectivity of the layer beneath the alloy, a reflective 

additional layer may be provided between the caixier substrate and the at least first layer. 

Hereby, ttie intensity of Ihe reflected radiation jfrom beneath the alloy may be increased so as 

to further increase the sensitivity of the phase modulation. 
5 The reflective additional layer may be any reflective material, such as a metal 

or a metal alloy. The metal layer preferably comprises Al, but it may also comprise Ag, Au. 

Pd, Pt, Ir, Cu or any other high reflective metal or metal alloy. 

It is a further advantage of using an additional layer that flie additional layer 

may comprise a heat conductmg material, such as a metal, whereby thennal heating due to 
10 the incoming electromagnetic radiation is spread out very fast so as to avoid melting of 

neighbouring layers. It may be an advantage of using an additional layer of Al since the 

interface between Al and Bi or between Al and Sn is very stable. In the expected (local) 

temperature range no diffusing and unwanted alloying between Al and Bi or Sn is expected 

to occur. 

1 5 Alternatively, the additional layer may comprise a dielectric layer reflecting 

the incoming radiation. The dielectric layear may be a mixture of ZnS and SiOa, e.g. 
(ZnS)8o(Si02)2o or the dielectric layers may comprise SiOa.TajOs, TiOi, Si3N4, AIN, AI2O3, 
ZnO, SiC, etc., including their non-stoichiometric compositions. The dielectric layers may 
further, or alternatively, comprise a dielectric stack, such as a stack comprising a plurality of 
20 sub-layers. The dielectric stack is preferably a so-caUed interference stack where the 

reflectivity may be tailored by tailoring the number of sub-layers as well as the thickness of 
the individual sub-layers. Furfhennore, more dielectric stacks may be provided to further 
increase the storage density. 

Typically, dielectric materials are poor heat conducting materials. A dielectiic 
25 additional layer may thereby confine the thermal heat from the first electromagnetic radiation 
to the focusing area of the beam, which may enhance the contrast between the as-deposited 
areas and the exposed areas enabling a high-density pattan to be formed. 

The additional layer may also comprise the spacer layer mentioned above, i.e. 
the layer to adjust the distance between surfece of the as-deposited layer and the surfece of 
30 the additional layer. The qjacer layer may be a transparent layer positioned so that radiation 
can pass through the layer, or the spacer layer may be opaque in which situation it is 
necessary to position the spacer lay^ so that radiation need not pass through it. The spacer 
layer may therefore be positioned anywhere it is convenient in order to optimize the 
performance of the optical information storage medium. 
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In another alternative, the additional layer may be chosen to absorb or di£fuse 
incoming radiation, so that radiation is reflected from the areas comprising the as-deposited 
first and second layers and not, or only to a small extent, from the areas comprismg the alloy. 
Such an additional layer may, like the reflecting material, be made from a dielectric material 
or a stack of dielectric materials, so that the incoming radiation is absorbed or diffused. A 
material absorbing the incoming radiation may be any absorbing material, such as any 
absorbing dielectric material, such as carbon black, diamond like-carbon (DLC), Fe304, Pb, 
amorphous silicon, spinel, etc. A material diflEusing the incoming radiation may be a porous 
siUcon, AI2O3, SiOa, etc. Preferably, the materials for diffusing the incoming radiation are all 
granular structures. In both cases substantially no radiation is reflected from the layer, i.e. 
from the areas comprising the alloy so that the intensity modulation may be further improved. 

In order to further increase the capacity of the optical information storage 
medium the layered structure as described may be repeated so that two or more recording 
stacks are obtained. The recording stack to be read or written can be chosen by changing the 
focusing of the second electromagnetic radiation so that the radiation source emitting the first 
or tiie second electromagnetic radiation is focussed in the recording stack which is read 
from/written to, cf. W099/59143 hereby incorporated by reference. 

In another preferred embodiment a dual or multi-information layer 
configuration is proposed, in which each information layer is built up according to the 
invention. 

Jn order to furttier reduce cross-talk and self-absorption between two layers it 
is now proposed to deposit the hoformation layers comprising the first and second inorganic 
materials only in predetermined tracks, whereas the space between the tracks are typically 
left transparent. This improves the visibility of any tracks lying underneath, and to increase 
the storage density a second rnformation layer may be provided beneath the first information 
layer and arranged so that the space between tracks in top layer is positioned on top of tracks 
in the lower layer. Such stmctures may be provided by lift-off techniques. 

In addition to the aforementioned option of increasing the data capacity by 
using two recording stacks on top of each other, another possibility is to provide the same 
stack on bolh sides of a disc, or even to coat a double stackmg on both sides of a disc to even 
further increase the data capacity. Writing and reading would in this case need two write/read 
units or the medium has to be turned to its opposite side manually used, e.g., for LPs. 
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A preferred embodiment of the invention will now be described in details with 
reference to the drawing in which: 

Fig. 1 shows a side view of an optical information storage medium, 
Fig. 2 shows the as-deposited reflectivity, transmission and absorption at 405 
5 nm for different layer thicknesses of In and Bi, 

Fig. 3 shows the as-deposited reflectivity, transmission and absorption at 405 
nm for different layer thicknesses of Sn and Bi, 

Fig. 4 shows the as-deposited reflectivity, transmission and absorption at 405 
mn for different layer thicknesses of In and Sn, 
10 Fig. 5 shows the binary phase diagram for Bi and In, 

Fig. 6 shows the binary phase diagram for Bi and Sn, 
Fig. 7 shows the binary phase diagram for In and Sn, 
Fig, 8 shows measured optical properties of different layers during heating. 



In Fig. 1 a preferred embodiment of the optical information storage medium is 
shown. The optical information storage medium 1 comprises a carrier substrate being a 
polycarbonate substrate 5 having a thickness of about 1 mm, first layer 1 1 and second layer 
12 form together an information layer 10. A transparent polycarbonate cover layer 3 is added 
20 for protection purposes. A laser is schematically illustrated by a lens 2. The laser could either 
be a write laser forming alloy inclusions 6 by theraially heating the bi-layer, liquefying it and 
subsequently formation of the alloy inclusion. The laser could also be a read laser detecting 
the presence of a pre-created alloy inclusion. Also shown is the position of an additional layer 
4. 

25 The initial as-deposited reflectivity of a layer stack design is an important 

parameter for optical storage. For the tiaree generation of optical storage technology (CD, 
DVD and BD) the as-deposited reflectivity has been calculated for the following 
configurations: 
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Configuration 


layer 1 


layer 2 


A 


60nmln 


60nmBi 


B 


60nmBi 


60nmlh 


C 


60mnSn 


60mnBi 


D 


60nmBi 


60nmSn 


E 


60 mnin 


60DmSn 


F 


60iiinSn 


60 tun In 



The specific layer thickness was chosen in order to reach maximum 
reflectivity but may be lowered somewhat to fulfil any specification requirements. The 
results of the calculation are given in Tab. 1 showing a high reflectivity for all configurations. 
A comparison shows that the configurations A, C and E show the highest initial reflectivity. 



Tab. 1 • Calculated reflectivity of stack with as-deposited bi4ayer 



Configuration 


Name 


Wavelength 


Calciilated reflectivity 


A 


CD 


785 nm 


89.4 % 


B 


CD 


785 Bin 


79.4 % 


C 


CD 


785 nm 


79.9 % . 


D 


CD 


785 nm 


79.4% 










A 


DVD 


650 nm 


85.1 % 


B 


DVD 


650 lun 


64.8 % 


C 


DVD 


650 nm 


70.1 % 


D 


DVD 


650 nm 


64.9 % 










A 


BD 


405 nm 


89.0 % 


B 


BD 


405 nm 


62.1 % 


C 


BD 


405 nm 


72.3 % 


D 


BD 


405 nm 


62.1 % 


E 


BD 


405 nm 


89.0 % 


F 


BD 


405 nm 


72.3 % 
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For instance, configuration A shows higher reflectivity than configuration B 
which comprises tiie same materials but in reverse order. Assummg that initial reflectivity is 
the major requirement for optical storage, configuration A would be preferred. However the 
total reflectivity is not necessarily the main issue with respect to all aspects. 

In Fig. 2, 3 and 4 the initial reflectivity was calculated for configuration A, C 
and E, respectively, assuming equal thickness of the two layers forming the bi-layer. It is 
easily seen that that approximately at a layer thickness of 20 nm of each layer the maximum 
reflectivity is reached. 

la Fig. 5, 6 and 7 binary phase diagrams are shown. Up to now, only bi-layer 
with equal thickness were considered, however the thickness ratio of the two layers is 
important in order to form an eutectic alloy upon melting the two layers. Formation of a 
substantial eutectic alloy is important for the optical perfomiance. The binary phase diagrams 
give information at which ratio (in weight percent) but also at which cool-down temperature 
an eutectic alloy is formed. Tab. 2 gives an overview of the ratio of the individual as- 
deposited layers in order to reach the eutecticum. 



Tab. 2. Eutectic compositions 



System 


Weigh-% 


Atoinic-% 


Thickness ratio 


In-Bi 


67 wt% In 


78at%In 


SOnmln: 11.1 nmBi 


Sn-Bi 


45 wt% Sn 


59 at% Sn 


30mnSn:27.4imiBi 


In-Sn 


52wt%In 


51 at% In 


30 nm In : 27.7 nm Sn 



For example, by having a film composition 15 nm/15 nm Bi/In and a 50 nm/50 
nm Bi/In bi-layer the optical properties are strongly changed. Typically, tiie change is 
represented by the optical density (OD) meaning transmission T = 10 of the film versus 
the read-out wavelength. At a wavelength of 405 ran, the as-deposited fihn may have an OD 
of 1 or 4 depending on the layer thickness. By alloying areas in the film, the OD of the 
converted area, the alloy inclusions, reach a minimum wherein all the material in the film is 
converted. At 405 rmx a minimum value of roughly 0.4 OD is reached. This change in OD 
ranging from 0.6 up to 3.6 (as a function of layer thickness) means more than a factor of 10 
in terms of transmitted light power (significant part of the modulation). Combined with the 
high initial reflectivity, it gives the advantage of the proposed material: high contrast + high 
initial reflectivity, which also means lower signal noise. Furthermore, the smooth and flat 
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absorption spectnam over a long range of wavelength is remarkable, as well as, underlying its 
potential for becoming interesting for all generations of optical storage tedmology. 

Fig. 8 shows optical performance for a number of different configurations as a 
function of the temperature during heating up. In accordance with the calculations a high 
initial reflectivity (about 70 %) is observed. At about 1 30 °C a sharp transition is observed 
resulting in a dramatic drop of the reflectivity (below 15 %) and a correspondmg increase of 
transmission to about 40 %. 
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CLAIMS; 

ia 12. 2002 

@ 

1 . An optical information storage medium comprising 

a carrier substrate, 

a highly reflective information layer being positioned on the carrier substrate 
and comprising at least a first layer of a first inorganic material in a first structural phase, and 
5 at least a second layer of at least a second inorganic material in at least a second structural 
phase, 

alloy inclusions being formed in the infonnation layer upon e;qposure to a first 
electromagnetic radiation and having a microstructure comprising a mixture of the first 
material in the first structural phase and the at least second material in the at least second 

10 structural phase, 

wherein the optical properties of the alloy mclusions are different firom the 

optical properties of the as-deposited mformation layer so that a modulation in 
electromagnetic radiation reflected firom the aUoy inclusions and fix)m an area comprising the 
as-deposited information layer, respectively, is provided in response to a second 
1 5 electromagnetic radiation being emitted towards the optical information storage medium to 
provide a read-out signal. 

2, A medium according to claim I, wherein the inorganic materials at least 

comprises materials being selected fmm the group consisting of tiae pairs: As-Pb, Bi-Cd, Bi- 
20 Co. Bi-In, Bi-Pb, Bi-Sn, Bi-Zn, Cd-In, Cd-Pb, Cd-Sb. Cd-Sn, Cd-Ti, Cd-Zn, Ga-In, Ga-Mg, 
Ga-Sn, Ga-Zn, In-Sn, In-Zn, Mg-Pb, Mg-Sn, Mg-Ti, Pb-Pd, Pb-Pt, Pb-Sb, Sb-Sn, Sb-Ti, Se- 
Ti,Sn-Ti,andSn-Za. 

3^ A medium according to claim 1 or 2, wherein tiie inorganic materials at least 

25 comprises materials being selected fixjm the group consisting of the pairs: Bi-Co, Bi-In, Bi- 
Pb, Bi-Sn, Bi-Zn, Ga-In, Ga-Sn, In-Sn, In-Zn. Mg-Sn, Sb-Sn, Sn-Ti, and Sn-Zn. 

4. A medium according to any of the preceding claims, wherein the inorganic 

materials at least comprises the combination of Bi-hi, Bi-Sn, In-Sn. 
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5. A medium according to any of the preceding claiiM 

material has a complex refractive index n ± ik and wherein the second inorganic material is 
selected to have a real part of the refractive index lower than the real part of the refractive 
index of the first material and an imaginary part of the refractive index higher than the 
imaginary part of the refractive mdex of the first material. 

6, A mcdiimi according to any of the preceding claims wherein the first inorganic 
material forming the first layer is Bi and the second inorganic material forming the second 
layer is In or Sn, or wherein the first inorganic material is Sn and the second inorganic 
material is In. 

7, A medium according to any of the preceding claims, wherein the thickness of 
the first and second layers are selected so that an alloy formed by melting and solidifying of 
at least a part of the first and second layers has a substantially eutectic composition. 

8. A medium according to any of the preceding claims, further comprising at 
least one additional layer positioned between the carrier substrate and the at least first layer. 

9^ A medium according to claim 8, wherem the alloy or the as-deposited 

information layer are substantially transparent to the second electromagnetic radiation 
emitted towards the medium. 

10. A medium according to claim 9, wherein the at least one additional layer is 
adapted to reflect, absorb or difiBise the second electromagnetic radiation being emitted 
towards the additional layer. 

11. A medium according to any of claim 8-10, wherein the at least one additional 
layer comprises at least one sub-layer comprising a dielectric mataial. 

12. A medium according to any of claims 8-11, wherein the at least one additional 
layer comprises at least one sub-layer comprising a metal. 
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12, wherein tibie at least one additional 

14. A medixim according to claim 1 , wherein the medium further comprises a 
protective cover layer. 

15. A medium according to any of the preceding claims, wherein the modulation 
in reflected electromagnetic radiation between an area comprising the alloy and an area 
comprising the as-dq)osited layer is larger than 70%. 

16. A medium according to any of the preceding claims, wherein the modulation 
is an intensity modulation or a phase modulation. 

17^ A medium according to any of the preceding claims wherein the medium is 

compatible with CD and DVD standards. 

13, The use of amedium according to any of claims 1-17 in an optical information 

reading and/or recording device. 

19. An optical storage information medium comprising 

a carrier substrate, 
a first recording stack comprising 

a highly reflective information layer comprising at least a first layer 
of a first inorganic material in a first stractural phase, and at least a 
second layer of at least a second inorganic material in at least a second 
structural phase, 

alloy inclusions being formed in the information layer and having a 
microstructure comprising a mixture of the first material in the first 
stractural phase and the at least second material in the at least second 
structural phase, 
a separation layer, 

a second recording stack substantial identical to the first recording stack. 
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13. A medimn according to any of claims 8- 

layer comprises at least one tra3asparent spacer layer. 
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20. A method for manufacturing an optical information storage medium, the 
method comprising the steps of 

providing a carrier substrate, 

providing a highly reflective information layer by depositing at least a first 
5 layer of a first inorganic material in a first structural phase on the carrier substrate, and 

depositing at least a second layer of at least a second inorganic material in a second structural 
phase on the first layer, 

the at least first and second inorganic naaterials being selected so that a 
microstructure being formed by melting and solidification of at least a part of the information 
10 layer provides alloy inclusions having a microstructure comprising a mixture of the first 
material in the first structural phase and the second material in the second structural phase. 

21 . A method according to claim 20, further comprising the step of exposing in a 
predetermined pattern the information layer to a first electromagnetic radiation so as to form 

1 5 alloy inclusions in the exposed information layer. 

22. An optical information storage medium being provided by the method of 
claims 20-21. 

20 23 . A method for optically reading an optical information storage mediimi 

according to any of claims 1-17, the method comprising the steps of 

emitting an electromagnetic radiation towards the optical information storage 

medium, 

detecting a phase or inteosity modulation in electromagnetic radiation 
25 reflected &om the optical information storage medium in response to the incoming 
electromagnetic radiation, 

so ttiat a pattern of alloy inclusions in the as-deposited information layer is 
provided by the detected phase or intensity modulation. 
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ABSTRACT: ' 

H a 2002 

An optical infonnation storage medium (1) comprising a carrier substrate (5), 
a higjily reflective information layer (10) being positioned on the carrier substrate (5) and 
comprising at least a first layer (1 1) of a first inorganic material in a first structural phase, and 
at least a second layer (12) of at least a second inorganic material in at least a second 

5 structural phase is disclosed. Alloy inclusion (6) are formed in the information layer (1 0) 
upon exposure to a first electromagaetic radiation and have a xmcrostracture comprising a 
mixture of the first material in the first structural phase and the at least second material in the 
at least second structural phase. The optical properties of the alloy inclusions are different 
fi-om the optical properties of the as-deposited information layer so that a modulation in 

10 electromagaetic radiation reflected firom ttie alloy mclusions and firom an area comprising the 
as-deposited infonnation layer, respectively, is provided in response to a second 
electromagnetic radiation being emitted towards the optical information storage medium (1) 
to provide a read-out signal. A method of manufeicturing and reading such a medium are also 
provided. High density recording/reading at various radiation wavelengths, including UV, 

15 and compatibility with standard CD and DVD media is achieved. 
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